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Cloning and Characterization of DEAD-box RNA Helicases 
Gene from the Fern Equisetum arvense 


XU Dao-Lan, CAO Jian-Guo, WANG Quan-Xi, DAI Xi-Ling " 
( College of Life and Environmental Science, Shanghai Normal University, Shanghai 200234, China) 


Abstract; DEAD-box RNA helicases play an important role in multiple biological processes, including growth, de- 
velopment, stress response and metabolism of cell. A full-length cDNA of DEAD-box RNA helicase, named EaRHI , 
has been cloned from Equisetum arvense in this study (GenBank accession number; KJ734026). Sequence analysis 
indicates that the cDNA of EaRHI is 3 230 bp in full length, and contains an ORF region from 487 bp to 2 799 
bp, encoding 770 amino acids. The corresponding protein includes 9 conserved mode structures. Comparison with the 
sequence of the DEAD-box RNA helicase of other species, it is showed that the sequence of Motif I a, Motif II and 
Motif Ш are almost completely same while there are certain differences in sequence of Q motif, Motif I and Motif 
IV. The similarity of the EaRHI sequence with the hypothetical DEAD-box RNA helicase protein of Selaginella moel- 
lendorffii reaches 69%. And the highest sequence similarity is concentrated in the domain that includes 9 conserved 
motifs. Phylogenetic analysis of DEAD-box RNA helicases sequences from different plants indicates that Equisetum 
arvense is more closely related to a DEAD-box gene of Arabidopsis thaliana ( At3g22320) . It can be inferred from se- 
quence comparison and phylogenetic analysis that EaRH/ might be involved in growth and development, miRNA bio- 
genesis, interaction with RNA binding protein and abiotic stress responses. Our study provides references for further 
functional researches on DEAD-box RNA helicases of Equisetum arvense. 


Key words: Equisetum arvense; DEAD-box RNA helicase; EaRHI 





* 


Funding: E iil ЖЕЕ ЕИЛЗЕФ (SK201231) 

** Author for correspondence; E-mail; daixiling2010Q shnu. edu. сп 
Received date; 2014-03-07, Accepted date; 2014-05-27 
Yee ist, RÉ (1987-) Sr, WITH, ЛЕКА FE eh 




















RS 
сӣ 
o 


716 E 9g p KS Wk WR E tk 


Ж 36 & 








Helicases are widely present in almost all life 
forms from virus to humans (Hail and Matin, 1999) , 
which are divided into 5 superfamilies, SF1 - 5. 
DEAD-box RNA helicaces are members of SF2 fami- 
ly ( Cordin et al., 2006) , which are subdivided into 
DEAD, DEAH, DECH and DEVH according to se- 
quence differences of conserved DEAD motif. The 
DEAD-box RNA helicase family has been defined by 
Linder et al. (1989) and named according to the 
highly conserved residues, Asp-Glu-Ala-Asp, in 
motif П. The DEAD-box family is characterized by 
the presence of nine conserved motifs which are in- 
volved in ATPase and helicase activities and in their 
regulation of many important life activities ( Cordin 
et al., 2004). 

DEAD-box RNA helicases have profound effects 
on RNA metabolism, including RNA transcription, 
premRNA splicing, ribosome biogenesis, nucleocy- 
toplasmic transport, translation and RNA decay 
(Zhang et al., 2006; Roack and Linder, 2004). 
Recent evidence indicates that DEAD-box RNA heli- 
cases are not only involved in growth and develop- 
ment of plants, translation initiation, cell prolifera- 
tion, vegetative organs development, sexual repro- 
duction, but also in plant abiotic stress responses, 
including cold stress, heat stress, salt stress, osmot- 
ic stress and oxidative stress ( Yang et al., 2009; 
Gong et al., 2002, 2005). 

So far, many DEAD-box RNA helicases in 
higher plants have been identified ( Boudet et al., 
2001; Aubourg et al., 1999; Mingam et al., 2004; 
Lorkovic et al., 1997; Owttrim et al., 1991, 1994; 
Roel and Kuhlemeier, 1998; Gallie et al., 1997; 
Webster et al., 1991; Gendra et al., 2004; Kato et 
al., 2001; Nakamura et al., 2004; Vashisht and 
Tuteja, 2005). Fifty-eight DEAD-box RNA helicas- 
es, designed as AtRHI-AtRH58, have been found in 
the model plant Arabidopsis thaliana which are al- 
most evenly distributed in 5 chromosomes of Arabi- 
dopsis thaliana ( Boudet et al., 2001; Aubourg et 
al., 1999; Mingam et al., 2004). DEAD-box genes 


have been found also in Spinacia oleracea ( Lorkovic 


et al., 1997) , Nicotiana plumbaginifolia ( Owttrim 
ei al., 1991, 1994; Roel and Kuhlemeier, 1998; 
Wang et al., 2000), Triticum aestivum ( Gallie et 
al., 1997) , Zea mays (Zhang et al., 2006; Web- 
ster et al., 1991; Gendra et al., 2004) , Oryza sati- 
va (Kato et al., 2001; Li et al., 2008) , Vigna ra- 
diate (Li et al., 2001), Hordeum vulgare ( Naka- 
mura et al., 2004) , M. sativa ( Luo et al., 2009) 
and Pisum sativum ( Vashisht et al., 2005). Howev- 
er, the DEAD-box genes in ferns are till poorly 
known. Here, we describe the cloning and charac- 
ters of this novel DEAD-box RNA helicase in Equise- 
tum arvense, aiming at revealing Equisetum arvense 
DEAD-box RNA helicases structures and provide 


references for the future functional studies. 


1 Materials and methods 
1.1 Materials 

The reproductive stems of Equisetum arvense were 
collected in Tonghe county, Heilongjiang province in 
late April. The fresh materials were quick-freezed in 
liquid nitrogen and stored in —80 °С refrigerator. 
1.2 RNA extraction and cDNA synthesize 

The frozen materials were ground to fine powder 
in liquid nitrogen, and total RNA was extracted u- 
sing the SV Total RNA Isolation Kit ( Promega) ac- 
cording to the manufacturer’ s protocol. Total RNA 
was treated with Recombinant DNase I ( Takara ) 
for 30 min at 37 ^C. The integrity and purity of the 
samples were assessed by agarose gel electrophoresis 
and spectrophotometer quantification. All of them 
presented high degree of integrity and purity ( 1. 8« 
Asc Asgg «2. 0) ; thus, they were used later for the 
synthesis of cDNA single strand. cDNAs were syn- 
thesized by using the Superscript Ш reverse tran- 
scriptase (Invitrogen) and the adaper primer (5'- 
GACTCGAGTCGACATCGATTTTTTTTTTTTTTTTT - 
3') supplied by Invitrogen. 
1.3 Isolation of DEAD-box fragments by PCR 

Degenerate primers were designed based on the 
reported sequences in Genbank. The following for- 


ward primer was used; ЕІ (5'-CCWCNDCSCWNT- 
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KCASDGWKCWK-3'). The following reverse prim- 
er was used: R1 (5' -CAWTSTWSTYYATNSMTS- 
NDYAT-3'). PCR was carried out using 1 uL cD- 
NA and О. 2 jum specific primers in a 50 uL reaction 
volume containing standard buffer ( Mg” plus) , 2. 5 
mmol • 17' of each dNTPs and 2. 5 U Taq polymerase 
and performed at 94 C for 5 min, followed by 35 cy- 
cles of 45 sec at 94 °С, 45 sec at 55 С, and 1 min 
at 72 °С, and a final extension of 10 min at 72 CC. 
PCR products were separated on 296 agarose gels for 
electrophoresis and stained with ethidium bromide. 
The single specific band of PCR products was cloned 
into the pEASY-TS zero cloning kit ( Trans) for se- 
quencing. 
1.4 Isolation of DEAD-box containing cDNAs 
using RACE 

Total RNA was extracted from the strobile of 
Equisetum arvense. 3' – КАСЕ and 5' - RACE were 
both performed by SMARTer RACE cDNA Amplifi- 
cation Kit ( Clontech) according to the manufactur- 
er's protocol. The primers used in 3' -RACE were 
F2 (5' - ТССССАТСАТСТССССТСТАС — 3’) and 
ЕЗ (5'-CGGTTTCCGTGAGGGCAGATT -3'). The 
primers used in 5'-RACE were R2 (5'-СССТТСС- 
GATGGAGAAGAGTTT-3') and R3 (5'-ACATCT- 
TCAGCGAAACCAACCC – 3'). The PCR condition 
was 94 °С 2 min, followed by 25 cycles of 94 °С for 
30 second, 68 °С for 30 second, and 72 °C for 3 
min, and a final step at 72 “С for 6 min using Ad- 
vantage 2 Polymerase Mix (Takara). PCR products 
were separated on 1.2% agarose gels and the single 
specific band of PCR products was cloned into the 
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Fig. 1 Electrophoresis results of PCR amplification of Equisetum arvense DEAD-box RNA helicase EaRH1 cDNA ends 

M. DL2000 DNA marker; A. The result of core fragment PCR (lane 1) ; B. The result of 5’ RACE PCR (lane 2) ; 
C. The result of 3’ RACE PCR (lane 3) ; D. Amplification of the coding region of EaRH/ (lane 4) 





pEASY-Blunt zero cloning kit ( Trans) for sequen- 
cing. Because of potential PCR errors, at least two 
independently amplified clones were sequenced in 
every experiment. ORF amplification was processed 
by specific primers designed according to 3'— and 5' 
-RACE results and performed according to the KOD 
polymerase provided by TOYOBO. 
1.5 Sequencing and phylogenetic analysis 
Multiple sequence alignments were performed 
on the DEAD-box protein sequences using Clustal W 
with default parameters, and the alignments were 
then adjusted manually. A phylogenetic tree was con- 
structed with aligned DEAD-box protein sequences u- 
sing MEGA 5.2 by employing the neighbor joining 
(NJ) method with the following parameters; Jones- 
Taylor-Thornton ( JTT) model, complete deletion, 
and bootstrap ( 1 000 replicates) . 


2 Results 
2.1 Cloning of EaRHI, an Equisetum arvense 
gene encoding a DEAD-box RNA helicase 

This study clones an amplification product a- 
bout 1 285 bp using degenerate primers, F1 and R1 
(Fig. 1A). Based on this fragment, RACE method 
is performed and works out its complete 5' and 3' 
terminals (Fig. IB, C). Results show that this cD- 
ХА sequence has poly А structure, which indicates 


that this clone contains complete 3' -terminal domain. 
This cDNA, named EaRHI ( GenBank accession 
number: KJ734026) , 3 230 bp in full length, con- 
tains an ORF region from 487 bp to 2 799 bp, enco- 
ding 770 amino acids (Fig. 1D; Fig. 2). 
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ctaaaaatatgtttggcctttttaaacaaagcgcatgaaacagtttgcactttgagtttg 
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Fig.2 Nucleotides sequence and deduced amino acids sequence of Equisetum arvense DEAD-box RNA helicase EaRH1. 


The translational start coden ( ATG) is in bold and the stop coden is indicated by an asterisk 
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2.2 The structure of EaRHI protein and phylo- 
genetic analysis 

Searching for conserved domains revealed that 
EaRH1 protein contains two typical conserved do- 
mains, DEADc and HELICe (helicase superfamily 
C-terminal domain) , which are characteristic of the 
DEAD-box protein family ( Fig. 3). Besides, EaRH1 
also contains 9 conserved mode structures of reported 
DEAD-box RNA helicases by amino acids sequence 
BLAST comparison (Fig. 4A). 

DEAD-box RNA helicases contain many con- 
served motif structures, which are associated with 
biochemical functions. Comparision of EaRHI with 
DEAD-box RNA helicases conserved motifs so far i- 
dentified reveals that their amino acids sequences of 
conserved domain are highly identical ( Fig. 4B). 
This also indicates that EaRH1 belongs to the family 
and have biochemical functions similar to DEAD-box 
RNA helicases from other species. However, there 


are still certain differences between them, Q motif, 


1 125 


Motif I and Motif IV, for example, so ЕЁ@аЁН1 pro- 
tein is a new DEAD-box RNA helicase. 

In ferns, only Selaginella moellendorffii has comp- 
leted the whole genome sequencing by far. Sequence 
comparison result shows that the similarity EaRH1 
and a hypothetical DEAD-box RNA helicase protein 
from Selaginella moellendorffii reaches 69% ( Fig. 5). 
The highest sequence similarity is concentrated in 
the domain that includes 9 conserved motifs. 

To research the evolutionary relationship , phylo- 
genetic tree is constructed on FaRH1 and DEAD-box 
RNA helicase proteins from other species (Fig. б). 
Result shows that EaRHI forms a branch with Arabi- 
dopsis thaliana At3g22320. Genetic distance and phylo- 
genetic relationship indicate that EaRH/ is а new 
DEAD-box RNA helicase. Besides, EaRHI also shares 
a relatively high similarity with Ricinus communis Rc- 
XM002512556 and Hordeum vulgare HVDI. This also 
indicates that DEAD-box RNA helicase motif struc- 


tures are relatively conserved during plant evolution. 


250 375 


DEADc HELICc 


Fig.3 The NCBI conserved domain search result of the deduced amino acids sequence of Equisetum arvense DEAD-box RNA helicase EaRH1 


DEADc; DEAD-box helicases; HELICc; Helicase superfamily C-terminal domain 


Q-motif 
MSVGVEALREDDAVPEEGSPRSESMSQGLEISKIGVEQEI VDALARRSIVRLFPIQGAVLEPAMKGQDLI 


motif І motif la 
GRAKTGTGKTLAFGIPIINHVIKENKGSRGMRPYGKRPLALVLAPTRELAKQVEKEFKESAPSLMTVCVY 


motif Ib motif II 
GGTSIIMQQQQLQRGVDIAVGTPGRVIDLLERGSLNLGEVKFVVLDEADQMLRVGFAEDVEKTAGYLPAV 
motif III 
RQSMLFSATMPDWVKNISRKYLKNPTIVDLVGENDEKLAEGIKLFSIPTVNSAKRSVLSDLIAVYGKSKK 
motif IV motif V 
LIVETOTKRDADDVAS TCRAHACEALHGDITQAQRERTLNGEREGREEVLVATDVASRGLDVENVDLVI 
motif 
HYEIPNDSETFVHRSGRTGRAGKEGVAILMYTLQQNRTISIIERDVGCKFEKISPPSAEEVIKSTADQAV 
GALQKVHPDLRGIFLPIAEKLLSEQGAGAFASALACLSGFTQPPASRSLLTHEQGWTTLRLSRPKSGPPL 
FTTQSVIAALAQICPSATNRVGKIQMLNEVDVQGAVFDMPESIAKELLSLQHNSSDTLDAPKQLPNIVED 
IPSTSYYGRSFGGGGGFGNRPRVGPPFNGRNDSYGRPSTGDRSSGERPSFYPPNNGTSGPRMSTPYPGGP 
GSSGVRMPPPPYSGGNGVSGFRMSAPYPPYPGRVADNSSSGLRPPTPYSYGSNTGTGDRVIGGSAGSFVS 
SLGRNGASFNEDRGGGLADFGRSLSERKFDSGVGGIGSSDSTLLNDKWNKCXLCGQPGHFARNCPTLQKS 
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Q Motif Motif I Motif la Motif Ib Motif II MotifIII — Motif IV Motif V Motif VI 
DEAD-box 
GACCPOPIQ | | AxGxGKT | PTRELA | | TPGRI | DEAD SAT | LIFx | | ARGID | HRIGRxGR 
consensus 
EaRH1 | SIVRLFPIQ | | AKTGTGK | PTRELA | | TPGRV | DEAD SAT | IVFT | | SRGLD | HRSGRIGR 
B 


Fig. 4 Structural organization of the predicted EaRHI protein 


A. DEAD-box RNA helicates’ conserved motifs in deduced amino acids sequence of Equisetum arvense DEAD-box RNA helicase EaRHI. 


The nine conserved motifs of DEAD-box RNA helicases are indicated by underline. B. Comparison of EaRH1 


and other conserved motifs of DEAD-box RNA helicases 
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EaRH1 26  SQGLEISKIGVEQEIVDALARRSIVRLFPIQGAVLEPAMKGQDLIGRAKTGTGKTLAFGI 85 
S+ L I+ +G++ IVDALA*R IV LFPIQ AV *PAM*G DLI RAKTGTGKTLAFGI 
Selaginella moellendorffii 1 SEELAIASLGIDSRIVDALAKRGIVNLFPIQRAVFQPAMQGLDLIARAKTGTGKTLAFGI 60 


Вавн1 86 PIINHVIKENKGSRGMRPYGKRPLALVLAPTRELAKQVEKEFKESAPSLMTYCVYGGTSI 145 
РІ++++ +E K 5 RP С P A++LAPTRELAKQVE E +АР L VC4YGG SI 
Selaginella moellendorffii 61 PILDNISRE-KSSMQFRPAGT-PRAIILAPTRELAKQVENELVLAAPHLSVVCIYGGVSI 118 


EaRH1 146 IMQQQQLQRGYDIAVGTPGRVIDLLERGSLNLGEVKFVVLDEADQMLRYGFAEDVEKIAG 205 
Q++QL Ү++ VGTPGRVID+LERG L L EVKF +LDEADQML VGFAE+VE+I 
Selaginella moellendorffii 119 EGQRRQLASSVEVVVGTPGRVIDMLERGDLRLNEVKFAILDEADQMLAVGFAEEVERIMQ 178 


EaRH1 206 YLPAVRQSMLFSATMPDWVKNISRKYLKNPTIVDLVGENDEKLAEGIKLFSIPTVNSAKR 265 
LP Е *MLFSATMP W++N++ KYLKNPT++DLVGEN++K+AEGIKL+++ T + AK 
Selaginella moellendorffii 179 KLPLQRHTMLFSATMPSWIRNLTSKYLKNPTMIDLVGENEDKVAEGIKLYAVSTNDLAKN 238 


EaRHI 266 SVLSDLIAVYGKSKKTIVFTQTKRDADDVASTLGRAHACEALHGDITQAQREKTLNGFRE 325 
+L4+DL+ VY K K IVFT+TKRD DDVA+ + R+ CEALHGDI+Q QREKTL+GFR+ 
Selaginella moellendorffii 239 KLLADLLTVYAKGGKAIVFTKTKRDTDDVAAVMSRSIGCEALHGDISQYQREKTLSGFRD 298 


EaRH1 326 GRFKVLVATDVASRGLDVPNVDLVIHYEIPNDSETFVHRSGRTGRAGKEGYAILMYTLQQ 385 
GRF VLYATDVA+RGLD+PNVDL++HYE+P DSETFVHRSGRTGRAGK*G ILMYTL Q 
Selaginella moellendorffii 299 GRENVLVATDVAARGLDIPNVDLIVHYEVPGDSETFVHRSGRTGRAGKKGTCILMYTLNQ 358 


EaRHI 386 NRTISIIERDVGCKFEKISPPSAEEVIKSTADQAVGALQKVHPDLRGIFLPIAEKLLSEQ 445 
R + IE *VGCKFE I РР+АЕ+ү+ S++D A +++ VHPDL +FLP A+KLL EQ 
Selaginella moellendorffii 359 KRVLRTIESEVGCKFEAIGPPAAEDVLASSSDHASESIKSVHPDLAKLFLPAAQKLLEEQ 418 


EaRH1 446 GAGAFASALACLSGFTQPPASRSLLTHEQGWTTLRLSRPKSGPPLFTTQSVIAALAQICP 505 
С А А+А+А +56 TQ Р RSLLT+E+G+ TL+L +G L + £V +A+ Q+ 
Selaginella moellendorffii 419  GVNALAAAMAHVSGVTQLPPKRSLLTYEEGYMTLQL----TGGNLIDSSAVSSAVMQLSS 474 


EaRH1 506 SATNRVGKIQMLNEVDVQGAVFDMPESIAKELLSLQHNSSDTLDAPKQLPNIVED 560 
А *Gtt ML+ G VFD*PE *AKE*L4LQ* S+ L А K LP++ ED 
Selaginella moellendorffii 475  KAGMSMGRYTMLSSSTATGGVFDLPEDLAKEILALQNVGSNVLTAVKVLPDLQED 529 
Fig.5 Sequence comparison of Equisetum arvense EaRH1 and a hypothetical DEAD-box RNA 


helicase protein from Selaginella moellendorffii 
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Fig.6 Phylogenetic tree analysis of Equisetum arvense DEAD-box RNA helicase EaRH1 with 
DEAD-box RNA helicase protein from other organisms 
The DEAD-box RNA helicase proteins used were; Equisetum arvense EaRH1 ; Arabidopsis thaliana At3g22320, RCF1, DRHI and 
At5g08620; Oryza sativa DB10; Homo sapiens BAD18438; Zea mays DRH1; Hordeum vulgare HVD1; Ricinus communis 
XM002512556; Nicotiana tabacum VDIA; Chlamydomonas reinhardtii CHLREDRAFT-129561 and DBP2 


3 Discussion gaster vasa; and E. coli SrmB (Yang et al., 2009). 
The DEAD-box RNA helicase family was de- All of these proteins contain 9 highly conserved mo- 


fined by Linder et al. (Linder et al., 1989) , who 
firstly found several highly conserved motifs existing 
in eight eukaryotic initiation factor eJF4A homolo- 
gous proteins, mice e/F-4Al, eIF-4AII, PL10; yeast 
TIF-4A, MSS116; human p68; Drosophila melano- 


tifs: Q motif, Motif I, Motif Ia, Motif Ib, Motif П, 
Motif Ш, Motif IV, Motif V, Motif VI (Linder et 
al., 1989; Tanner et al., 2003; Linder, 2006). The 
existence of all these nine motifs is the standard to 


determine whether a protein belongs to this family 
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(Linder et al., 1989). EaRHI contains these con- 
served motif structures, so EaRHI of Equisetum ar- 
vense is а DEAD-box RNA helicase. Sequence com- 
parison of EaRHI and a Selaginella moellendorffii 
hypothetical DEAD-box RNA helicase protein also 
shows that 9 conserved motifs are relatively conser- 
vative with plant evolution. 

Many DEAD-box RNA helicases in higher plants 
have been identified by far. Besides, several DEAD- 
box RNA helicases of the algae Chlamydomonas re- 
inhardtii are found in the NCBI database. However, 
no DEAD-box RNA helicase has been investigated in 
ferns. This study firstly clones EaRHI , one of Equi- 
setum arvense DEAD-box RNA helicases, full-length 
cDNA sequence and enriching the DEAD-box RNA 
helicases family in plants. According to the phyloge- 
netic tree analysis, EaRHI shares a relatively high 
similarity with Arabidopsis thaliana At3g22320, Ric- 
inus communis Rc-XM002512556 and Hordeum vul- 
gare HVDI. However, due to the DEAD-box RNA 
helicases studies were relatively few, the phylogene- 
tic tree is also not well reflecting the evolutionary re- 
lationships of the gene. 

Comparison with the sequence of the DEAD-box 
RNA helicase of other species, it is showed that the 
sequence of Motif Та, Motif П and Motif Ш are al- 
most completely same while there are certain differ- 
ences in sequence of Q motif, Motif I and Motif IV. 
The conserved motifs of DEAD-box RNA helicases 
proteins are associated with biochemical functions. 
Motif П and motif VI are involved in the ATP hy- 
drolysis, motif Ш is related to RNA  desmolysis 
( Cordin et al., 2006). Motif П and motif Ш of 
EaRH1 are DEAD and SAT respectively, which is 
consistent with DEAD group of DEAD-box RNA he- 
licases proteins. Previous studies reveal that DEAD- 
box RNA helicases lose RNA desmolysis activity 
when mutation occurred in motif Ш, that is SAT 
( Luking et al., 1998). This conservatism might also 
imply that EaRHI has important biological functions, 
like the DEAD-box RNA helicases from other species. 

The available evidences indicate that DEAD- 


box RNA helicases play an extensive and profound 
role in the life of plants ( Yang et al., 2009). A- 
mong the DEAD-box RNA helicases family, eIF4A 
is the typical representative of this family. Previous 
studies have confirmed that Nicotiana tabacum con- 
tains a number of e/F4A function as translation initi- 
ation ( Owttrim et al., 1991, 1994). Besides, in 
terms of plant growth and development, PRH75 from 
Spinacia oleracea is related to the rapid cell growth 
and division ( Lorkovic et al., 1997) , CAF ( DCLI) 
from Arabidopsis thaliana is related to the floral mer- 
istem determinacy and miRNA biogenesis ( Jacobsen 
et al., 1999; Park et al., 2002) , VrRHI from Vig- 
na radiate is related to the viability of mung bean 
seeds (Li et al., 2001), and ZmDRHI from Zea 
тауз is related to the interaction with RNA binding 
protein MAI6 ( Gendra et al. , 2004) . In addition to 
these, DEAD-box RNA helicases are involved in 
plant abiotic stress responses. FL2-5A4, 1054 and 
РМН2 from Arabidopsis thaliana, for example, are 
associated with cold responses ( Gong et al., 2002, 
2005; Seki et al., 2001; Matthes et al., 2007). 
Based on the functional analysis of the DEAD-box 
RNA helicases in Arabidopsis thaliana , Ricinus com- 
munis and Hordeum vulgare, we also predict that 
EaRHlI might be involved in growth and develop- 
ment, miRNA biogenesis, interaction with RNA 
binding protein and abiotic stress responses. Of 
course, further researches are needed to explore the 


function of the gene. 
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